Objective Distant metastasis after surgical resection is the most frequent cause of death in patients with nonsmall cell lung cancer (NSCLC). This study aimed to investigate the patterns of distant metastasis and the prognostic factors of postrecurrence survival in patients with resected stage I NSCLC with distant metastases. Methods The clinicopathological characteristics of 166 patients with distant metastases after complete resection of stage I NSCLC at Taipei Veterans General Hospital between 1980 and 2000 were retrospectively reviewed. The patients were divided into two groups according to patterns of distant metastasis (single or multiple organ metastases). Predictors of postrecurrence survival were analysed. Results The patterns of distant metastasis included single organ metastasis in 106 (63.9%) and multiple organ metastases in 60 (36.1%) patients. The 1-and 2-year postrecurrence survival rates for those with single organ metastasis were 30.2% and 15.1%, respectively. The most common site of single organ metastasis was bone (32.1%), followed by the brain (29.2%). Multivariate analysis revealed that disease-free interval >16 months (HR 0.534; 95% CI 0.288 to 0.990; p¼0.046) and treatment for distant metastasis (including re-operation, chemotherapy and/or radiotherapy) (HR 0.245; 95% CI 0.089 to 0.673; p¼0.006) were significant predictors of better postrecurrence survival in resected stage I NSCLC with single organ metastasis. Conclusions A longer disease-free interval is a favourable prognostic predictor for postrecurrence survival in resected stage I NSCLC with single organ metastasis. Treatment for distant metastasis significantly prolongs postrecurrence survival.
INTRODUCTION
Lung cancer is the main cause of cancer-related death worldwide. For patients with early-stage non-small cell lung cancer (NSCLC), surgical resection is the treatment of choice for curative intent.
1e5 Tumour recurrence (including local recurrence and distant metastasis) is the most common cause of death, and thus the main obstacle for long-term survival after resection. 3e9 The postoperative recurrence rates in stage I NSCLC range between 22% and 38%. 3e7 In stage I NSCLC after surgical resection, distant metastasis has been reported to be between 14% and 23%. 3e7 Even with aggressive multimodality treatments, most patients with distant metastases have little possibility of cure. Several factors reportedly affect survival after distant metastasis, including diseasefree interval, the number of foci of metastatic disease, the organ site of distant metastases, the multiplicity of metastatic organ sites and effects of treatment after distant metastases. 10 11 The majority of patients with resected NSCLC receive chemotherapy, radiotherapy or a combination of therapeutic modalities after distant metastases. 6 9 12 13 Several studies have been published demonstrating predictors of postrecurrence survival in patients with resected NSCLC after recurrence. 3e9 However, most of them evaluated postrecurrence survival of patients with a mixture of local or regional recurrence and distant metastases. Few studies focused on postrecurrence survival in patients with distant metastases.
The predictors of postrecurrence survival in resected stage I NSCLC with distant metastasis has not been well demonstrated in the literature. In our previous study, we have demonstrated that patterns of recurrence in resected stage I NSCLC include distant only in 17.8%, local only in 7.9%, and both local and distant in 5.3% of patients. 14 Treatment for initial recurrence is a prognostic predictor for postrecurrence survival in resected stage I NSCLC with local recurrence. 14 In this report, we focused on the patterns of distant metastasis and analysed the prognostic predictors of postrecurrence survival in resected stage I NSCLC with distant metastasis.
PATIENTS AND METHODS
From January 1980 to December 2000, 970 patients underwent resections for pathological stage I NSCLC at Taipei Veterans General Hospital. The preoperative staging investigation was routinely performed as previously described, 14e16 including chest and upper abdomen CT scans and bronchoscopy. Nuclear medicine survey of the bone and CT scan of brain were utilised to exclude possible metastases. Mediastinoscopy was performed only when enlarged mediastinal lymph nodes (diameter >1.0 cm) were shown by CTscan. During the study period, positron emission tomography was not a common examination used for staging. Patients with suspected distant metastases were excluded from consideration of thoracotomy. Complete resection of lung cancer and mediastinal lymph nodes dissection/sampling were performed as previously described.
14e16 No patients had received adjuvant therapy after initial surgical resection. Histological typing was based on the WHO classification, 17 and tumour staging was determined according to the TNM classification of the International System for Staging Lung Cancer. 18 All patients were followed-up at our outpatient department every 3 months in the first 2 years after resection and at 6 month intervals thereafter. CT scans of chest and upper abdomen were routinely done in every scheduled outpatient department visit for follow-up. Nuclear medicine survey of the bone was arranged every 6 months in the first 2 years after resection and annually thereafter during follow-up. Suspicious bony lesions were confirmed by x-ray or bone biopsy. CT scan of brain was done when neurological symptoms occurred or when clinical suspicions were raised. Once a metastasis was discovered, a routine investigation was arranged to look for other metastatic sites. After initial diagnosis of single or multiple organ distant metastases, further examinations were arranged to discover other metastatic sites if symptoms occurred or clinical suspicions were raised. The hospital charts of all patients were reviewed to collect data of patterns of recurrence, sites of distant metastases and treatment after distant metastasis. Data collected from telephone call and correspondence letters during follow-up were also included.
To investigate their impact on postrecurrence survival, the following clinicopathological factors were used in univariate and multivariate analyses: age at recurrence, gender (male vs female), smoking index, tumour location (right vs left), histological type of the tumour (squamous cell carcinoma vs non-squamous cell carcinoma), tumour size, extent of pulmonary resection (bilobectomy or pneumonectomy vs sublobar resection or lobectomy), T status (T2 vs T1), visceral pleural invasion (present vs absent), disease-free interval (>16 vs #16 months), lung metastasis (present vs absent), brain metastasis (present vs absent), bone metastasis (present vs absent), liver metastasis (present vs absent) and treatment for distant metastasis (yes vs no). The number of mediastinal lymph nodes dissected/sampled, including N1 and N2 nodes, was recorded from pathological reports. Distant metastasis was defined as tumour recurrence in the contralateral lung or outside the hemithorax and mediastinum after surgical resection. Distant only metastasis was defined as only distant metastasis discovered from the initial operation to death or last follow-up. To differentiate second primary tumours from recurrent NSCLC, the criteria proposed by Martini and Melamed were applied. 3 19 Single and multiple organ metastases were defined as only one or more than one organ site of metastases discovered from initial operation to death or last follow-up, respectively. The length of postrecurrence survival was defined as the interval in months from the date of initial distant metastasis identified to death or the date of the last follow-up.
The postrecurrence survival was calculated by the KaplaneMeier method. 20 The c 2 test and the independent sample t test were used to compare groups with respect to categorical and continuous variables as appropriate. For smoking index and disease-free interval, medians and their distributions were compared using ManneWhitney test. Univariate and multivariate analyses were performed by means of the Cox proportional hazards model using SPSS software (version 12.0; SPSS). The HR of death and its 95% CI were also calculated. Only variables with a p value <0.1 after the univariate analysis were entered into the multivariate analysis. Statistical significance was defined as p<0.05.
RESULTS
Of the 970 patients, complete follow-up was available for 933 (96.2%). Among these 933 patients, 166 (17.8%) developed distant only metastasis after surgical resection. The median follow-up time for these 166 patients was 23.4 months (range 2.1e100.8 months). The median time to initial distant metastasis was 12.1 months (range 0.9e65.1 months). The 1-and 2-year postrecurrence survival rates were 37.7% and 18.9%, respectively. On the last follow-up session, only three patients were alive, 159 patients died of cancer, one patient died of another cause, and three patients died of unknown causes.
The characteristics of the 166 patients according to patterns of distant metastasis (single or multiple organ metastases) are listed in table 1. The patterns of distant metastasis included single organ metastasis in 106 (63.9%) and multiple organ metastases in 60 (36.1%) patients. The single organ metastasis group consisted of more left lung tumour, more squamous cell carcinoma and a lower frequency of visceral pleural invasion. Organ sites of distant metastases and treatment for distant metastasis are listed in table 2. As compared with the single organ metastasis group, patients with multiple organ metastases were significantly less likely to have liver involvement as the first organ site of distant metastasis (p¼0.013). Compared with the multiple organ metastases group, there were significantly more patients without treatment after distant metastasis in the single organ metastasis group (p¼0.004).
The median follow-up time for the 106 patients with single organ metastasis was 21.6 months (range 2.7e100.8 months), while the median time to distant metastasis for this group of patients was 12.6 months (range 1.4e65.1 months). The 1-and 2-year postrecurrence survival rates were 30.2% and 15.1%, respectively (figure 1). Of these 106 patients, 22 patients (20.8%) presented with lung, 31 patients (29.2%) presented with brain, 34 patients (32.1%) presented with bone, 14 patients (13.2%) presented with liver, 1 patient (0.9%) presented with adrenal gland and 4 patients (3.8%) presented with other organ metastases. Treatments for single organ metastasis included surgery for 9 patients, chemotherapy for 13, radiotherapy for 21 and a combination of chemotherapy and radiotherapy for 5 patients. The operations for distant metastasis were pulmonary resection in five and craniotomy in another four patients. Two postoperative deaths occurred; both were due to respiratory failure after pulmonary resection. Thirteen patients had no treatment after distant metastasis (eight patients because of poor performance status, one sought alternative treatment, two refused treatment and another two for unknown reasons). Postrecurrence survival in patients with single organ metastasis was not different from that in patients with multiple organ metastases (HR 0.787; 95% CI 0.569 to 1.089; p¼0.133).
Univariate . Survival was better in women. The hazard of death was greater in patients with a higher smoking index, shorter disease-free interval and squamous cell carcinoma. Patients with lung metastasis had a better postrecurrence survival, while those with bone metastasis had a worse prognosis.
All of the variables listed in table 3 were entered into multivariate analysis. Brain metastasis and liver metastasis were also entered for mutual adjustment despite p>0.1. Disease-free interval and treatment for distant metastasis were still 
DISCUSSION
This study has investigated the patterns of distant metastasis and the prognostic value of conventional clinicopathological factors of postrecurrence survival in resected stage I NSCLC with distant metastases. The patterns of distant metastasis included single and multiple organ metastases in w64% and 36% of patients, respectively. Disease-free interval and treatment for distant metastasis were statistically significant predictors of postrecurrence survival in multivariate analysis.
Harpole and co-workers 4 reported that the initial location of recurrence of stage I NSCLC after surgical resection was at a distant site in 19%, within the ipsilateral hemithorax in 11% or at both locations in 6% of patients. In the study of Martini and colleagues, 3 the incidence of systemic recurrence in patients with resected stage I NSCLC was 20%. Distant recurrence rates between 14% and 23% in stage I NSCLC after surgical resection have also been reported in the literature. 5e7 Our previous study demonstrated that the overall incidence of recurrence in patients with resected stage I NSCLC was 31.0% (distant only in 17.8%, local only in 7.9%, and local and distant in 5.3%). 14 The current study showed that in w84% of patients with distant metastases, these occurred within the first 2 years after operation. A major proportion of patients (62%) died within 1 year of distant metastasis. Yoshino and co-workers 13 reported that the 2-year survival rate of patients with NSCLC with postoperative recurrence at distant organs was 15.7%. In the current study, the 2-year postrecurrence survival rate for patients with resected stage I NSCLC with single organ metastasis was 15.1%.
Walsh and co-workers 21 reported that a disease-free interval >12 months was a favourable predictor of overall survival and postrecurrence survival in NSCLC after complete resection. Disease-free interval as a significant prognostic factor of postrecurrence survival in NSCLC after complete pulmonary resection has also been reported recently. 9 12 Our study showed that the disease-free interval was a statistically significant predictor for postrecurrence survival in patients with stage I NSCLC after distant metastasis. A disease-free interval #16 months had significant negative effects on postrecurrence survival. Our previous study demonstrated that the number of mediastinal lymph nodes dissected/sampled may be used as an alternative to represent the quality of lymphadenectomy in patients with resected stage I NSCLC. 15 In the current study, the number of mediastinal lymph nodes dissected/sampled was associated with disease-free interval (data not shown). A higher frequency of patients with shorter disease-free interval had fewer mediastinal lymph nodes dissected/sampled. Fewer mediastinal lymph nodes dissected/sampled may lead to less accurate tumour staging and contribute to poor postrecurrence survival through earlier distant metastasis.
Most distant metastases appear as multiple foci in multiple organs after treatment of the original cancer. 10 Martini and co-workers 3 reported that the most common site of distant metastasis in patients with resected stage I NSCLC was the brain. Yoshino and co-workers 13 demonstrated that pulmonary metastasis was most common in patients with NSCLC with recurrence at distant organs, followed by bone metastasis. Our study revealed that bone (32.1%) was the most common site of single organ metastasis in patients with resected stage I NSCLC, followed by the brain (29.2%). We further demonstrated that the patterns of distant metastasis included single and multiple organ metastases in w64% and 36% of patients, respectively. Postrecurrence survival was not significantly different between the two groups of patients. Multiplicity of metastatic organ sites is not a significant prognostic factor in these patients.
Although some reports in the literature had tried to determine the impact of specific distant metastatic organ sites on postrecurrence survival in resected NSCLC, small cohorts or mixtures of local and distant metastasis made it difficult to achieve definite results. Sugimura and colleagues 9 reported that initial recurrence confined to the lung was associated with better postrecurrence survival in resected NSCLC. Yoshino and co-workers 13 demonstrated that intrapulmonary metastasis was a favourable factor for postrecurrence survival of resected NSCLC, while bone metastasis was a marginally unfavourable factor. Liver metastasis has also been reported as a worse prognostic factor in NSCLC after recurrence. 6 12 Our study focused on postrecurrence survival of single organ metastasis in resected stage I NSCLC. Lung metastasis was associated with better postrecurrence survival in univariate analysis. For the patients with single organ metastasis, patterns of distant metastasis could therefore be divided into two categories according to the organ site of distant metastasis: within the contralateral lung or not. Patients with distant metastases confined within the contralateral lung have significantly better postrecurrence survival than those with distant metastases outside the contralateral lung. The seventh edition of the TNM classification of lung cancer was published in 2009. Better outcomes for patients with contralateral lung nodules were found as compared with distant extrathoracic metastases. Therefore, M1 was recommended to be subclassified, with contralateral lung metastasis as M1a and distant extrathoracic metastases as M1b. 22e24 Our results support the proposals for the revision of the TNM stage groupings in the seventh edition of the TNM classification of malignant tumours. We further showed that for patients with distant metastases outside the contralateral lung, those with bone metastasis had significantly worse postrecurrence survival.
Treatment for recurrent NSCLC significantly prolongs overall survival and postrecurrence survival. 9 21 Yoshino and colleagues reported that patients who underwent metastatectomy for recurrence in distant organs had significantly longer survival, while those receiving chemotherapy had marginally prolonged survival. 13 Nakagawa and co-workers 6 reported that treatment for the initial recurrence prolonged survival in stage I NSCLC after recurrence. In our study, treatment for distant metastasis (including surgery and chemotherapy and/or radiotherapy) produced a more favourable survival in resected stage I NSCLC after distant metastasis than no treatment. Eight of the 13 patients without treatment after distant metastasis did not receive treatment due to poor performance status. This may act as a contributory factor to poor prognosis for patients without treatment. There was no significant difference in postrecurrence survival between patients undergoing re-operation and those treated with chemotherapy and/or radiotherapy. However, there were two postoperative deaths due to respiratory failure after pulmonary resection. If the two patients were excluded, patients undergoing re-operation had significantly better postrecurrence survival than those receiving chemotherapy and/or radiotherapy (p¼0.021). The therapeutic effects of surgery and chemotherapy and/or radiotherapy need larger series for further investigation.
The multivariate analysis in our study demonstrated that only disease-free interval and treatment for distant metastasis influenced postrecurrence survival. Most variables related to tumour biology were not significant predictors for postrecurrence survival. However, the natural history of lung cancer might be primarily affected by the individual patient's tumour biology which is difficult to predict or classify once systemic disease is evident. Prospective multi-institutional studies are mandatory to validate further the prognostic factors of postrecurrence survival in resected stage I NSCLC after distant metastasis. The impacts of the sequence of organ metastasis in patients with multiple organ metastases and number of foci of metastatic disease also need further investigation.
There are some limitations and biases of this study that should be mentioned. As a retrospective single institute study, patient selection bias and time trend bias regarding the treatment for distant metastasis were inevitable. The criteria of Martini and Melamed 3 19 used to distinguish a new primary lung cancer from a metastatic NSCLC have never been validated. There is an inherent bias to define a focus of cancer occurring at any other site >24 months later. The definition of an ipsilateral recurrence as a local recurrence also generated inherent bias while differentiating a new primary lung cancer from a recurrent NSCLC.
In conclusion, patients with distant metastasis after initial pulmonary resection are heterogeneous. Longer disease-free interval and treatment for distant metastasis are indicators for better postrecurrence survival in resected stage I NSCLC with single organ metastasis. Aggressive treatment in selected patients with a longer disease-free interval may prolong the postrecurrence survival.
